H ypoxia and inflammation share an interdependent relationship (1, 2). On the one hand, inflammatory diseases such as intestinal inflammation, acute lung injury, or infections with pathogens are characterized by alterations in metabolic supply and demand ratio, resulting in an imbalance for oxygen availability and concomitant tissue hypoxia (hypoxia in inflammatory conditions, Fig. 1 , right). On the other hand, organ injury primarily caused by hypoxia-such as ischemia and reperfusion injury (3)-will subsequently lead to inflammatory changes that significantly have impact on organ function and disease outcomes (inflammation in hypoxic conditions, Fig. 1, left) . Indeed, research over the past decade has revealed that the interdependence of hypoxia and inflammation plays a functional role in many diseases, including critical illness. It is important to point out that hypoxia is not simply a bystander in these pathological conditions but has a profound impact on the microenvironment, for example, by causing changes in gene expression through hypoxia-dependent transcriptional pathways (1). Indeed, there are many examples when hypoxia signaling functions as an endogenous feedback mechanism to attenuate inflammatory hypoxia (3-6).
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In this issue of Critical Care Medicine, Karhausen et al (7) take a new look at intestinal injury and concomitant hypoxia in the setting of deep hypothermic circulatory arrest (DHCA). DHCA is a surgical technique that is used during major cardiovascular surgery of the aortic arch and during some complex neurosurgical repairs of giant aneurisms of the brain. It includes cooling down body temperature by utilizing cardiopulmonary bypass. Once a temperature of approximately 12ºC to 18ºC is achieved, blood flow is interrupted to allow the surgical procedure. In addition to neuronal damage (8) and neurologic injury, intraoperative intestinal injury leading to postoperative sepsis and multiple organ failure is among the main concerns for the postoperative recovery and critical care treatment of patients requiring DHCA.
In the present studies, Karhausen et al utilized a technically challenging in vivo model of rat DHCA (9) and performed molecular and functional studies to define the mechanism resulting in intestinal injury. One of the key findings of their study is the observation that DHCA shares many similarities with intestinal ischemia and reperfusion injury. Indeed, studies utilizing nitroimidazole compounds to stain for the occurrence of tissue hypoxia in vivo revealed profound tissue hypoxia localized to the ileal and colonic mucosa, indicating that alterations in oxygen supply and demand during DHCA lead to mucosal hypoxia, and concomitant intestinal barrier dysfunction. These findings were specific for the intestine, as the kidneys and the lungs were spared from ischemia and reperfusion injury. Most likely, the specificity for the occurrence of tissue hypoxia in the intestinal mucosa is related to the fact that the intestinal mucosa is already hypoxic at baseline conditions. Indeed, physiologic hypoxia of the intestinal mucosa is a reflection of an extremely steep oxygen gradient across the epithelial monolayer that resembles the functional barrier between the anaerobic intestinal lumen and the well-perfused and highly oxygenated submucosal tissue (4). This high degree of physiologic hypoxia puts the intestinal epithelial monolayer into a position that already small additional alterations in metabolic supply and demand-for example caused by inflammation or attenuated oxygen supply during DHCA-will result in profound mucosal hypoxia, resulting in disease pathology similar to intestinal ischemia and reperfusion injury.
Based on the fact that intestinal mast cells have been previously implicated in intestinal ischemia and reperfusion injury, the authors went on to study their functional contribution to intestinal injury during DHCA. Elegant pharmacologic interventions to block intestinal mast-cell activation clearly demonstrate their functional role in DHCA-associated intestinal injury and implicate mast-cell stabilization as treatment in patients requiring DHCA surgery to prevent intestinal injury.
The present findings of DHCA-associated intestinal hypoxia are consistent with previous studies from Karhausen et al on the role of hypoxia signaling during intestinal inflammation (5) . Indeed, intestinal inflammation-such as that which occurs during inflammatory bowel diseaseis associated with shifts in the metabolic demand and supply ratio for oxygen resulting in profound tissue hypoxia of the inflamed intestinal mucosa. Moreover, intestinal hypoxia is associated with the stabilization of the transcription factor hypoxia-inducible factor (HIF)-the key transcription factor for hypoxia-elicited adaptive responses (2)-and concomitant induction of HIF target genes. Functional studies utilizing conditional knockout mice with deletion of HIF in intestinal epithelial cells or transgenic mice with HIF overexpression indicate that intestinal hypoxia and HIF stabilization function to dampen intestinal inflammation and to protect the gut barrier function (5). Moreover, pharmacologic studies with HIF activators demonstrate robust protection from intestinal injury and inflammation in models of inflammatory bowel disease (6). Several known HIF target genessuch as different control points for extracellular adenosine generation and signaling-have been implicated in protecting the intestine during hypoxia-induced inflammation (10) and inflammatory bowel disease (11, 12) , or during intestinal ischemia and reperfusion injury (13, 14) . As such, it will be an important future challenge to define the functional role of intestinal hypoxia during DHCA. Based on the present findings by Karhausen et al showing hypoxia in intestinal sections of rats exposed to DHCA (7), one would predict that DHCA is associated with stabilization of HIF and induction of HIF target genes. In line with the above studies from Karhausen et al and other investigators showing a protective role for HIF in intestinal injury, it is intriguing to speculate about the functional role of HIF in stabilizing intestinal mast cells during DHCA-associated intestinal injury. Such studies would be very timely, as pharmacologic HIF activators have been safely used in patients for the treatment of renal anemia (15) , and could be considered a novel means for gut protection in a clinical setting-for example, to prevent intestinal injury in patients undergoing cardiac surgery with DHCA. C ardiac arrest (CA) is a devastating event, associated with a mortality rate exceeding 80%, despite the important advances in the quality of cardiopulmonary resuscitation (CPR), time to interventions, and early defibrillation (1). Importantly, the vast majority of survivors to CA are comatose when admitted to the hospital, and permanent brain damage remains the most common cause of death among these patients (2) . The introduction of therapeutic hypothermia (TH) after return of spontaneous circulation (ROSC) has been associated with improved neurologic outcome in out-of-hospital CA, particularly for shockable rhythms; nowadays, TH is the only neuroprotective intervention applied after ROSC that is recommended in the treatment of postanoxic injury (3).
The increased duration of arrest and of resuscitation attempts (i.e., the "no-flow" and "low-flow" phases) may significantly decrease the probability to obtain ROSC, although long CPR could still be associated with additional survivals in high-risk population, such as in-hospital CA (4). However, patients surviving after prolonged resuscitation have a significantly higher rate of unfavorable neurologic outcome when compared with shorter CPR (5), and substantial research has recently focused on additional interventions able to reduce the ischemic period, improve the effectiveness of systemic perfusion, and attenuate the extent of cerebral injury.
Among those, the use of extracorporeal membrane oxygenation (ECMO) devices during CPR, the so-called eCPR, has improved survival in selected populations of patients with CA with an acceptable rate of good neurologic outcome, for both out-of-hospital and in-hospital CA (6, 7) . Although a recent observational study with propensity analysis, including 59 patients over a 3-year period, showed impressively higher long-term survival rates for eCPR over conventional resuscitation (8) , this novel approach also has quite negative results, with nearly 90% of patients with refractory CA dying within 48 hours from ECMO implantation in a French cohort (9) , suggesting the need for further understanding of eCPR protective properties as well as implementation of ECMO protocols during and after arrest.
In this issue of Critical Care Medicine, Janata et al (10) studied the feasibility of a murine model of eCPR after induction of ventricular fibrillation (VF). Also they evaluated whether the use of eCPR, eventually combined with TH, provided any benefit on brain cells and cerebral functions over conventional CPR. The authors showed that after 6-minute VF, ROSC rates were similar between eCPR and conventional CPR, as well
